The broad health effects of fuel poverty include both the physiological and psychosocial effects of exposure to adverse indoor temperatures. Fuel poverty poses a greater risk to groups spending more time at home, including older people, people with disabilities or chronic illness, and families with young children. To date, fuel poverty research has focused on the first two of these groups, while few studies have specifically explored the outcomes of fuel poverty for children. Very little fuel poverty research has been undertaken with children or youth living in cold homes. This paper outlines the literature describing the effects of fuel poverty and cold housing on children and young people and presents new statistical analysis supporting the targeting of fuel poverty policy on households with children. We introduce current research investigating the effects of living in, or living at risk of, fuel poverty on children and youth in New Zealand. We argue that proposed changes to the Residential Tenancies Act need to be strengthened and should include current standard insulation, which is proven to be a cost-effective measure in terms of health, particularly the health of children and young people.
Introduction
Fuel poverty, described as the inability to afford adequate household energy including heating, is estimated to affect one in four New Zealand (NZ) households (HowdenChapman et al., 2012) . It is caused by a combination of the energy inefficiency of dwellings and heating appliances, cost of energy, and income poverty (Clinch and Healy, 1999; Boardman, 1991) . Particularly in NZ, where households commonly rely on relatively inefficient plug-in electric heating, and building thermal quality is relatively poor, the cost of electricity is an important driver of fuel poverty. While recognised in other countries, in NZ fuel poverty is not officially defined, measured, or explicitly targeted and its crucial effect on children is largely unrecognised (Howden-Chapman et al., 2012; Howden-Chapman et al., 2009; O'Sullivan et al., 2011; O'Sullivan et al., 2013a; McChesney, 2012; Thomson and Snell, 2013) . There has been recent pressure on the Government to address child poverty and continued research has highlighted the effects of housing on children's health (Kelly et al., 2013; Howden-Chapman et al., 2013;  Children's Commissioner's Expert Advisory Group on Solutions to Child Poverty, 2012) . A well-publicised Coroner's Report on the death of a toddler that for the first time identified the substandard condition of the dwelling as a contributing factor created considerable media interest and political responses Shortland, 2015) .
Typical coping strategies of fuel-poor households fall into three broad categories: self-rationing of energy consumption; financial redistribution through restricting other spending; and sometimes debt or disconnection from energy or other services (Gibbons and Singler, 2008; Brunner et al., 2012; Anderson et al., 2012; O'Neill et al., 2006; Harrison and Popke, 2011; Harrington et al., 2005; Gilbertson et al., 2006; Lomax and Wedderburn, 2009 ). The broad health effects of fuel poverty include both physiological and psychosocial effects of exposure to adverse indoor temperatures (Liddell and Morris, 2010; Marmot Review Team, 2011; Hills, 2012) . While research confirms that fuel poverty poses a greater risk to groups spending more time at home, including older people, people with disabilities or chronic illness, and families with young children, few studies have specifically explored the outcomes of fuel poverty for children and youth (Liddell, 2008; Children in Wales, 2011) . Negative outcomes of cold indoor temperatures and fuel poverty for children include: reduced calorific intake in winter (Bhattacharya et al., 2003) ; increased risk of under-nutrition, being overweight, or acute hospitalisation (Frank et al., 2006) ; poorer health and development outcomes for children under three years (Cook et al., 2008) ; and the risk of mental health problems and increased antisocial behavior among adolescents (Liddell and Morris, 2010) .
NZ research relating to fuel poverty among children is limited, though the available local evidence suggests that fuel poverty is a significant problem for children in the community. Households with children have high rates of social and material deprivation with around 25 per cent or 270,000 children living in poverty, and based on this, are likely to experience fuel poverty (McChesney, 2012; McChesney, 2013; Perry, 2012;  Children's Commissioner's Expert Advisory Group on Solutions to Child Poverty, 2012). In a qualitative study about their experiences of living in low socio-economic communities in NZ, children and youth discussed families being unable to afford to pay for electricity, heating, or hot water, and the flow on effects of this on health (EganBitran, 2012) . Data from the General Social Survey found that among households with children, 22 per cent reported a major problem with keeping the house warm in winter, and 17 per cent reported major damp or mould problems (Perry, 2009) . Another study, Growing up in New Zealand, found that among households with a baby 9 months old, 18 per cent put up with feeling cold to save on heating, 11 per cent used no household heating, and 22 per cent of the babies had heavy condensation in their bedrooms quite often, always, or almost always (Morton et al., 2012) . Prepayment metering is used by three per cent of households, and those with children (54 per cent) are more likely to report restricting grocery spending and financial hardship (O'Sullivan et al., 2013a , O'Sullivan et al., 2013b . A study of children aged under 15 admitted to Wellington Hospital found that 52 per cent lived in housing colder than their parents would like, 14.2 per cent of households had been unable to pay their electricity bills on time and 7.5 per cent had experienced disconnection due to late or non-payment of bills (around four times the national rate) (Kelly et al., 2013 ). An analysis of hospital admissions for asthma found that they were correlated to electricity prices, especially for young children (Webb and Menclova, 2013) . The Heating and Housing study found that increasing home temperatures of children with asthma reduces symptoms and days off school (Howden-Chapman et al., 2008; Free et al., 2010) . This paper now turns to evidence from current statistics investigating the effects of living in cold indoor environments or fuel poverty on children and youth in NZ. We introduce our ongoing research into the same and conclude by discussing the policy implications of the evidence to date.
New evidence: What can current statistics tell us about home environments for New Zealand children?
2013 Census: Comparison of heating between households with and without dependent children New Zealand's climate and low building quality and standards combine so that almost every home requires heating in winter to achieve thermal comfort (often even new build dwellings). Although there are no national statistics on fuel poverty, we do have census data on heating fuel use.
The 2013 Census indicated that of the 1.5 million households in NZ, 33.2 per cent include dependent children. Households with dependent children had very similar rates of reporting not using heating as households without children (2.9 per cent vs 2.8 per cent). However this similarity masks substantial differences by household type: Table 1 shows the percentage of households of different types which reported using no heating. Overall 33.6 per cent of households that used no heating had dependent children. 1 Electricity is NZ's most widely used heating fuel (used by 79.2 per cent of households in 2013). The second most common fuel is wood (36.8 per cent) and gas is both third and fourth most common (15.4 per cent bottled and 12 per cent mains).
In addition to households that do not heat at all, we expect households using bottled gas for heating to be at risk of fuel poverty. This is because, in NZ, unflued bottled gas burners are relatively cheap, moveable, and allow the householder to buy their fuel in advance (reducing the risk of unexpectedly high electricity bills or "bill shock"). Bottled gas heating has declined in popularity in recent years (from 28.3 per cent in 2001 to 15.4 per cent in 2013), perhaps because of education campaigns around the effects of the gas combustion products on people's (and especially children's) health. Household types reporting higher rates of non-heating also reported increased rates of bottled gas heating. Between July 2009 and March 2010 the NZ government subsidised the retrofitting of a range of energy efficiency options, including ceiling and underfloor insulation, and energy efficient heating, into 46,655 NZ homes. The overall evaluation of this scheme, completed in 2012, showed a significant cost benefit of retrofitting insulation and heating (Telfar Barnard et al., 2012; Telfar Barnard et al., 2015) . A new sub-analysis of an evaluation of the Warm Up New Zealand: Heat Smart subsidy programme's effects on child health is presented here.
For the sub-analysis, in order to measure one aspect of the effect of fuel poverty on the health of children, we measured the effect of participation in the WUNZ retrofit scheme on hospitalisation rates in children aged under 15 years, compared to rates for children in control households matched from administrative housing and national health index datasets by Census area unit and housing characteristics. Further details of the matching criteria are described in Telfar Barnard et al. (2012) . Data collected for the scheme allowed us to also measure the effect of the scheme on hospitalisation rates among children at particular risk of living in a fuel-poor household, i.e. children in households where one or more members of the household carried a community service card (CSC), and children in households in rental tenure. CSCs are available to NZ citizens or permanent residents, aged 18 years and older, on low to middle incomes. Those receiving social welfare benefits are automatically issued with a card. CSCs allow holders access to lower cost health care, subsidised health services and prescriptions. These data were available at household level for WUNZ treatment households, but not known for control households. Instead, control households were assigned the same CSC and tenure status as their matched treatment household.
Before retrofitting dates, children in treatment households had a raw hospitalisation rate of 760 hospitalisations per 10,000 children per year, while children in control households had 699 hospitalisations per 10,000 children per year. After retrofitting dates, these rates changed to 677 and 670 respectively. Participation in the WUNZ scheme reduced total hospitalisation rates for all children by six per cent. Rates for low-income households were reduced by 12 per cent, and for rentals, 19 per cent. These effects were all statistically significant. The effect on total hospitalisations for children in households in areas of high deprivation was not statistically significant.
There were some important potential sources of bias in these results. The overall matching method has a broad bias towards the null (Telfar Barnard et al., 2015) . For this specific analysis, it is not known whether households with hospitalised children would have been more or less likely to seek WUNZ retrofits, so there is potential for treatment bias in the results, though the direction of the potential bias is unclear. Also, there may be numerator/denominator information bias towards the null, since we knew the CSC and tenure status of the treatment households, but not the control households.
Nevertheless, as we assess the balance of these biases to have been towards the null, this further evaluation of the WUNZ scheme indicates that energy efficiency retrofits had a positive effect on child hospitalisation rates. We conclude that the effect was greater for children in households at greater risk of fuel poverty.
Ongoing research: Improving home environments for NZ children Current research being conducted by He Kainga Oranga/Housing and Health Research Programme and funded by the New Zealand Health Research Council is focused on improving housing for children, with the aim of addressing the identified knowledge gap in relation to children through two new community trials, which are just beginning. In the study A healthy nest is best (NEST): The effects of bedding, insulation and heating on infant respiratory health, researchers will make contact with 600 women in their last trimester of pregnancy and ensure that their home is insulated, and the room in which the baby will be sleeping is heated and has appropriate bedding. In the Safe Housing Enabling Long Term Effective Recovery (SHELTER) study, the homes of children who have been admitted to hospital with respiratory symptoms will have insulation and heating retrofitted and have 'wrap-around' social services.
An innovative collaborative study is also underway, with most of the data collection complete as the first year in the two-year study draws to a close. Cool? Exploring the insights and experiences of New Zealand youth living in, or at risk of, fuel poverty, seeks to explore the experiences of youth living in, or at risk of, fuel poverty using childcentred, participatory research approaches and a multiphase mixed methods research design.
To date, very little fuel poverty research has been undertaken with children living in cold homes (Children in Wales, 2011; Gibbons and Singler; 2008, Liddell; 2008) . A Welsh qualitative study that used informative and participatory workshops with children is a rare exception (Children in Wales, 2011). However, local innovative methodological designs privileging children's knowledge finds them capable, willing, research collaborators (Oliver et al., 2011; Ergler, 2011) . Five stages of community-based participatory research processes are described by Israel and colleagues and include : a) research advisory groups informing the study b) identifying priorities, goals, and research questions; c) designing and conducting the research; d) analysing and summarising data and/or interpreting findings; and e) disseminating and translating the research (Israel et al., 2005; Israel et al., 2012) .
To achieve collaboration across all five of these stages, three sets of workshops were held in one school over the course of 2015. The school ranked towards the lower end of the Ministry of Education's decile rating system, which indicates the proportion of students from low socio-economic communities in each school -the Decile 2 school was in the 10-20 per cent bracket of schools with the highest proportion of students from low socio-economic communities. 2 Workshops included: 1) discussion of the research process and topic of fuel poverty, extending invitation to youth to participate in a research collaboration group at their chosen level of involvement (McCarry, 2011) , and development of a questionnaire for a nationwide online survey of youth from other schools; 2) analysis of initial data from the survey, discussion of results, and development of the interview schedule for email-interviews with young people who consented to follow-up at the end of the online survey. Some young researchers were given basic training in interviewing techniques and ongoing supervision to undertake peer-to-peer interviews (data collection continues) (Alderson, 2001; Schäfer and Yarwood, 2008) . 3) After preliminary data analysis of interviews the results, conclusions and recommendations of the research was discussed. A seminar was held where youth researchers presented initial findings to key stakeholders, which was very well received. Academic papers are currently being collaboratively drafted for submission (Jacquez et al., 2013) .
To date, the workshops and survey have been completed. At the beginning of the first workshop session, the young researchers indicated that they preferred the maximum level of involvement in the research process possible. Anonymous feedback from the young researchers during a process evaluation of the early stages of this work found that the youth researchers were overall very positive about their involvement in the research process, and of the process itself. The process of allowing for meaningful collaboration has contributed in part to the length of the study and the workshop sessions, where a more streamlined approach would have been preferable to the young researchers. Where possible we have condensed the study phases so that data collection and initial analysis is planned for completion within the school year, enabling young researchers involvement throughout the process right through to dissemination. This leaves integrative analysis of the discrete phases in this mixed methods research for the second year of the study.
Preliminary statistical analysis of initial data, undertaken with the youth researchers during the second set of workshops, indicates support for the hypothesis underlying the study, that cold housing is problematic for young people. Initial qualitative analysis of open-answer responses from the survey and e-interviews (data collection for which are ongoing) also support the hypothesis. A clear early finding is that young New Zealanders see cold housing as an important issue affecting their health and wellbeing, and that they would like to see further government action to improve indoor environments for young people. The overall research design to date is yielding both rich and valid data on youth experiences of cold housing and achieving true participation of the youth researchers, providing as much equality with adult researchers as possible.
Discussion and conclusions
Accumulating evidence raises the concern that fuel poverty has important negative effects for children and young people, who have been under-represented in research investigating fuel poverty to date. Increasingly, research specifically focuses on the physical health outcomes for children living in conditions associated with fuel poverty including cold indoor temperatures, damp, and mould. However, little research has explored children and youth experiences of fuel poverty, and even less research has prioritised their participation in the research process. In this article we have outlined ongoing research being undertaken by He Kainga Oranga/Housing and Health Research Programme in NZ to address this research need. However, our new analysis of available statistics support immediate policy action to reduce the risk of insufficiently warm home environments that many NZ children are currently exposed to.
Census data show that one third of households reporting using no heating have dependent children. Use of unflued gas heating is most common in multi-family households with dependent children. Both non-heating and use of unflued gas heating are important fuel poverty indicators in NZ. Evaluation of the WUNZ retrofitting programme finds that the scheme reduced total hospitalisations for all children by six per cent. Importantly for policy targeting, hospitalisations for children in households with CSCs, an indicator of low income, were reduced by 12 per cent, and for children in rental housing hospitalisations were reduced by a substantial 19 per cent. These results have important implications for future retrofitting policies.
The Government has recently announced minimum standards for all rental housing. While we welcome the inclusion of these standards to all rental housing, these proposed changes to the Residential Tenancies Act (RTA) will require landlords only to fit a smoke detector, and to ensure rental properties are insulated. Wall insulation is not required, underfloor insulation must be in "reasonable condition". Ceiling insulation required must be only 70mm thick, the level equivalent to the 1978 standard, as opposed to the current building standards set in 2008. The standards are to be phased in between 2016 and 2019 (Smith, 2015) . Other changes aim to enable faster resolution of tenancy abandonment cases; and strengthen the enforcement power of the RTA. The minimum standards set are not supported by research evidence showing that a comprehensive Warrant of Fitness for rental housing, as developed over a decade by He Kainga Oranga/Housing and Health Research Programme, would improve public health and is largely acceptable and without significant cost to landlords (Bennett et al., Accepted with Revisions). It is unclear why the Minister selected the 1978 ceiling insulation standard, just over half the thickness of that of the successful and cost-effective WUNZ scheme (70mm vs 120mm). His comments on announcing the proposed changes suggest he weighted limiting cost over the negative health and social effects of the poor quality residential building stock: "This pragmatic package of tenancy law changes will make homes warmer, drier and safer for hundreds of thousands of New Zealand families without imposing excessive bureaucracy or cost." 3 We recommend that the proposed changes to the RTA be strengthened to include current-standard insulation, proven to be a cost-effective measure to improve health, and particularly child health. Concerns over public spending could be managed by additional policy phasing for properties built between 1978 and 2008, thereby exempting dwellings built after the first insulation standards were required from reaching the 2008 standard, rather than by requiring all dwellings to only reach the 1978 standard. We continue to support the introduction of a comprehensive Warrant of Fitness for residential buildings. In the absence of a definition of fuel poverty and a method for measurement among NZ households, we suggest the most effective and strategic targeting of remedial policies, such as the WUNZ scheme, would be to prioritise rental households with children, where the most urgent need and largest health-gains have been identified without delay.
We anticipate further evidence supporting the prioritisation of households with children in public policy improving indoor environments to arise from our ongoing programme of research. We also highlight the clear initial findings from the Cool? study undertaken with our young research collaborators that young New Zealanders see inadequate home environments as an important issue which requires Government attention. 2) http://www.education.govt.nz/school/running-a-school/resourcing/funding-staffingand-allowances-handbook/chapter-1-operational-funding/decile-ratings/ 3) https://www.beehive.govt.nz/release/tenancy-law-changes-include-insulation-andsmoke-alarm-requirements
